Fluctuating asymmetry, random differences in left and right sides of a bilateral trait, is growing in popularity as a means of assessing fitness of organisms and the environment (Møller 1992 (Møller , 1995 Parsons 1992; Cuthill et al. 1993; Manning & Chamberlain 1993 , 1994 Swaddle & Cuthill 1994) . Problems with data analysis concerning measurement error, antisymmetry and directional asymmetry have been discussed by Palmer & Strobeck (1986) and Swaddle et al. (1994) , but the more fundamental question of whether asymmetry exists in a data set has not been addressed. Most studies calculate fluctuating asymmetry indices without first testing whether asymmetry exists. The purpose of this paper is to discuss some of the statistical problems using small, artificial data sets as examples and to make specific suggestions about testing asymmetry for significance, clearly outlining the arrangement of data using a minimum of statistical terminology. The suggested steps are then used on a real data set.
Four artificial data sets were constructed (Table  I) . Each data set contains four rows, representing individuals from a population, and two columns, representing sides of a bilateral trait. The data sets have low power due to low sample size and are intended not as in-depth simulations, but as illustrations of concepts. The real data set, on the sand dollar, Mellita tenuis (N=20), was taken from a larger data set currently under study. The lengths of the posterior petals were measured three times using calipers. Calipers were closed between measurements and adjusted during measurements with the caliper numbers facing away from the investigator. For this example, sand dollars were selected from a narrow size range (6-6.5 cm anterior-posterior axis) to minimize problems of size difference between individuals, such as increasing fluctuating asymmetry with increasing size of the structure being measured (Palmer & Strobeck 1986) .
Data set 1 illustrates antisymmetry, in which larger values are found on one side half of the time. This data set is also an example of interaction. In interaction, no size distinction between columns (i.e. right versus left) can be made without specifying a row (i.e. individual). Data set 2 illustrates perfect bilateral symmetry. If data set 1 and data set 2 are tested separately for differences between columns (i.e. is right different from left?) with a t-test, one-way ANOVA or two-way ANOVA (Sokal & Rohlf 1981) they produce the same result (Table I) , and the antisymmetry is not detected. Palmer & Strobeck (1986) recommended testing the distribution of signed asymmetry (right left) for normality. Departures from normality indicate antisymmetry. Directional asymmetry exists if larger values consistently occur on one side. The right-left data represent a paired comparison. The t-test and one-way ANOVA are not paired tests. In this example, the two-way ANOVA is a paired test (Sokal & Rohlf 1981) for directional asymmetry (Palmer & Strobeck 1986) . The alternative to this method, which has been suggested by Swaddle et al. (1994) , is to use a one-sample t-test in which the mean signed (not absolute) fluctuating asymmetry is tested against the null hypothesis of mean=0. A significant difference indicates directional asymmetry. None of the tests answers the question: is asymmetry significantly different from bilateral symmetry?
The main interest in fluctuating asymmetry concerns not which side is larger, but the difference between sides. The question of whether a data set is bilateral can be re-phrased: are the larger values significantly different from the smaller values for a given bilateral trait? The data can be rearranged to match the question by purposely placing the larger value of each individual,
